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Fi2.V-12.Variationof△forthesafetyfactorinaplasmacolumn
surroundedbvavacuumforthetoroidalcurrentprofile
K=J､6=1.5%andtheconductingshellislocatedat1.5a
Thesolidlineshowsforqa°1.5,thedottedlineforqa°
2.5andthedashedlineforqa°3.5.
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Fig.V-13.Thegrowthrateofthetearingmodewithm=2inthecase
ofFig.V-10.ThesolidlineshowsforK=1､thedotﾆted
lineforK=､/iandthedashedlineforK=､/y.
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Fig.V-14.Thegrowthrateofthetearingmodewithm=2inthecase
ofFig.V-11.Thesolid1ﾆLneshowsforK=l,thedotted
lineforK=JandthedashedlineforK=J.
l･Tefindfromthesefiguresthattearingmodeswithm=2andm=3
areunstable,whilehighermmodesarestable.Thisresultisthe
sameasthatofShafranov.Furthermorewefindthattheconcentra-
tionofthecurrentdensityinthecenteroftheplasmacolumncan
notstabilizetearingmodes.FromFig.V-12wefindthatwhenthe
totalcurrentincreases,i.e･qadecreases,tearingmodesbecome
moreunstable.FromFig.V-13andFig.V-14weseethatgrowthrateof
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m°2tearingmodeisabout10てHforS°108(thisparameter
correspondstoTg°lkeV,n゛1014cm‾3ﾀBT°50KGanda=20cm).By
useoftheaboveplasmaparametersweobtﾆainTp°2×10‾8secand
ωt5×103Sec‾1.AsIswellknown.ωdependsonSasS‾狛･
Uptohere,weconsideredthatavacuumsurroundsthemainplasma
column.Thedivisionoftheplasmaintoaninfinitelyconductive
plasmaandavacuumprovidesasomewhatunrealisticmodel0fthe
●
actualTokamakdischarges.Thuswehavetreatedtheconfiguration
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whereatenuousplasnawithfiniteresistivitvfillsbetweenthe
infinitelvconductiveplasmaandtheconductingshell.χ･7ehavealso
appliedCGJtheoryoftheresistivetearinginstabilityinthis
configuration.Numericallycalculatedvaluesof△vsqaisshownin
Fig.V-15,whereweusedk=0.2andb=1.5a.Thedottedlineshows
thecurrentﾆprofilewithK=1andthecontﾆinuouslineshowsonewith
K°1.73.Thisfigureshowsthatunstableregionvsq.appearsdis-
cretelyandbecomesnarrowbytheconcentrationofcurrentdensity
inthemainplasma.Hencetﾆhebehaviorofthistearingmodeis
similartothatofnonlocalhelicalinstabilitiesshownin§3.That
therightsideofeachcurveisnotclearlyendedisduetothat,as
thesingularpointbecomesnearertothemainDlasma,VpIsnotﾆ
negligible.Thust:heassumptionaboutthetearingmodeisinvalid･
FigureV-16showsthegrowthratesoftearingmodes.Thetypical
growthrateofthistearingmodewitﾆhm=3isaboutω゛10‾4てH‾1
forS°10＼whichmaybealsosmallerthanthatofnonlocalhelical
instabilityfortypicalplasmaparametersinTokamakdevices.
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Fig.V-･15.Thedependenceof△onthesafetyfactorinaplasma
columnwithapressurelessresistivep:Lasmaforb°1.5a
and6=1.5%.ThesolidlineshowsforK=≫/3andthe
dottedlineforK=l.
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Fig.V-16.Thegrowthratesoftearingmodesoccuredinthe
pressurelessresistiveplasmasurroundingaplasma
columnforb=1.5aandB=1.5%.Theso:Lidlineshows
forK=y/iandthedottedlineforK=l.
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§5ConclusionandDiscussion
Thestabilitﾆyofacurrentcarryingplasmainastronglongitu-
dinalmagneticfield,suchasTokamaktvpedevices,againstIIKDand
resistivetearinginstabilitieshasbeeninvestigatedinthecylinri-
calgeometry.Thismaybeagoodapproximationtoatorusaslong
asnon-localmodesisstudied.ThegrowthratesofMHDinstabilities
hasbeencalculatednumericallyaseigen-valuesoflinealizedKHD
equatﾆionsforseveralcurrentﾆdistributions.Thisprocedurehasan
advantageofstudyingthestabilityagainsthighmhelicalmodes.
InTokamaks,itisimportanttoexaminethestabilityagainsthigh
mhelicalmodes.Thusthestabilitydiagramshowingnormalized
growthratﾆe入Nversusq^hasbeencalculated.Numericallyobtained
resultsgeneral:LyconfirmShafranov's.Itisshownthatthe
positionoftheconductingshellhasaratherremarkableinfluence
onthestabilityofnon-localhelicalmodes,butnotsoonthelocal
helicalmodes.ForthecaseofJ=Joexp(-K2r2/a2)distributﾆions,
tﾆhenon-localhelicalinstabilitywithm≧2iscompletelystabilized
IfK≧2.5.Thestabilitycriterionofthem=1helicalmode1S
almostindependentofthecurrentprofileforqa≦1｡
Fortearingmodes,wehavecalculatedtwocasesaccordingto
thepositionofthesingularpoint:theoneisO≪rSくaandthe
otﾆherisaくrS太b.Intﾆheformercaseﾀwehavefoundthattearing
modeswithm°2andm=3areunstﾆable,whilehighermmodesare
stable.Alsowehavefoundthattearingmodesofthistypecannot
becompletelystabilizedbytheconcentrationofthecurrentdensity
inthecenteroftheplasmacolumn.Inthelattercase,wehave
obtainedthestabilitydiagramshowingthatunstableregionsofqa
appeardiscretelyandbecomenarrowasthecurrentdensityconcen-
tratesneartheaxisoftheplasmacolumn.Inthiscase,thegrowth
ratesoftearingmodesbecomesmallwhenKbecomeslarge.
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Generally,growthratesoftearingmodesaresmallerthanthose
ofnon-localhelicalmodes.Itisnotedthatthegrowthrateof
tearingmodedependsonelectrontemDeratureasTe‾弘.Thissuggests
thatﾆtheresistivetﾆearinginstabilitycanbeavoidedbyheatinga
plasmatoasufficientlyhightemperature｡
Recently,experimentst0lowerq^smallerthan3havebeenﾀﾞ
carriedout
60)
andithasbeenshownthattheunstﾆableregionsofqa
appeardiscretely.Althoughthestabilitydiagramsobtainedin§3
areconfirmedexperimentally,theexperimentﾆSarenotcompletely
explainedfromtheviewpointoftheirgrowthrates･Thegrowth
ratesofhelicalmodescalculatedwithparametersinexperimentsseem
tobelargerthantheexperimentﾆaldata.Sincethetearingmodes
havingasingularpointina<rS<bhavesmallergrowthratesthan
helica:Lmodes,theexperimentsmaybeexplainedbythistypeofinsta-
bility･
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4CONCLUDINGRFI!WRKS
Inthepresentthesis,equilibriumandstabilityoftﾆoroidal
pinchesandTokamaksystemshavebeenstudied,mainlybymeansof
numericaltechniques･
InChapterII,firstlythe^^TDstabilityhasbeenstudiedfor
avarietyofdiffusepinchconfigurations,whichareobtainedby
themethodsdevisedbytheauthor,bymeansofMewcomb'scriterion.
Thestabilitydiagramsobtainedforreversefielddiffusepinches
show:(i)Rr.tversustheJzcurrentprofile,(ii)Ry･yversusaverage
beta,(Iii)R^tversusthedegreeoffieldreversal.1tisfound
thatreversefielddiffusepinchswithsufficientlyhighvalues
of6andco°pl°essionratiohi≧2areavailableinexperiments･
Secondly,thegrowthratesof!･IFDinstabilitiesforsome
unstablereversefieldconfigurationshavebeennumericallycalculat-
ed.Itisshownthatthekinkinstabilityismostdangerousfor
confininghigh6plasmasintoroidalpinchesbecauseofit:slarge
growthrate.
Thirdly,thestabilitﾆyagainsttheresistiveinstabilityhas
beenexaminedwiththe十methodgiveninCGJ.38)ltisshownthattﾆ;he
reversefield.configurationisvulnerabletﾆotheresistivetearingl
instability.Thetearingmodehasthegrowthratesmallerthanthe
kinkmode.Itis,however,dangerousforacurrentcarryingplasma.
sinceitﾆgivesanon-!ocaldisturbance.
InChapterIll,collisionaldiffusionindiffusedtoroidal
pinches･hasbeenstudiedaccordingtotheschemeofGS46)inthe
-
bananaregimeandtheplateauregime.ForMHDregime,wehaveadopted
MI!Dequations.Theconfigurationofthetﾆoroidalpinchischaractﾆer'
izedbythelargepoloidalmagneticfieldcomparabletothetoroidal
magneticfield.工nconsideringthisfact,thediffusioncoefficients
giveninGSmustbemodifiedsoastoincludethatparticlescanbe
t:rappedinthelocalmagneticmirrorformedbytheinhomogeneity
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ofapoloidalmagneticfieldandofatoroidalmagneticfield.It
isshownthatthediffusioncoefficientsintoroidalpinchesare
smallerthanthoseoflow6toroidalplasmasandthatthetoroidal
pinchesareofgreatadvantagetoconfininghightempertaureplasmas
orhigh巳plasmas.
工nChapterIV,thegeneralformulationtocalculateTokamak
equilibriumV7ithlargepoloidalbeta,6P>>19hasbeendeveloped･
Thisformulationincludestheequilibriumofthetoroidalplasmain
theweaklynon-circularconductingshell.工tisconfirmedthat,if
邸)):L･Bpa/Rshouldbetakenastheexpansionparametertosolve
theequilibriumequation.Thisisprovedthroughtheanalysisofthe
high6pequilibriumwithauniformtoroidalcurrent.ThehighB
equilibriawithnon-uniformcurrentshavebeenobtainednumerically.
InChapterV,firstlytheMHDstabilityofTokamaktypedevices
hasbeenstudiedinthecylindricalgeometrybysolvingnumerically
thelinealizedIIHDequations.Thisprocedurehasadvantﾆagesto
obtaingrowthratesofMHDinstabilitﾆiesandeigenfunctionscorre-
spondingtotheprofilesofdisplacements.Thestabilitydiagrams,
showingnormalizedgrowthratesversusqa(゜q(a)),areobtainedby
changingthetoroidalcurrentprofilefromtheskinlikeonetothe
currentconcentratedinthecentralregionoftheplasmacolumn.
Secondly,thestabilityasainstresistivetearinginstabilities
inTokamakshasbeenexamined.Thetearingmodeswithm=2and
m°3,whichoccurwhentﾆhesingularpointfallsintotheconducting
plasma,areunstable.Thismeansthat,ifq(r)>3,theTokam万ak
configurationisstabilizedagainsttearingmodes,sincethesingular
pointdisappearsform=2andm=3.Fehavealsostudiedanother
typeoftearingmodes,whichoccurwhenthesingularDointfallsinto
thepressurelessplasmasurroundingthemainplasmacolumn.They
havethesamefeaturesofstabilityasthatofhelicalinstabilities,
whiletheirgrowthratesaresma]Llerthanthoseofthehelicalmodes.
Wenoticeherethatthefollowingproblemsareleft.
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(i)Thestabilityanalysishasbeencarriedoutinthecylindrical
geometry.ThisnaybeagoodaDproxinatﾆiontoatoroidal
geometryfornon-localizedhelical(orkink)modes.工tis.
however,unclearforlocalizedhelicalmodes.Alsothestability
criterioninthetoroidalplasmacorrespondingNewcomb'scriterion
isnotyetformulated.
(ii)Althoughtheformulationtosolvetheequi:Libriumequationfor
Tokamakswitﾆhlargepoloidalbetaisdeveloped,itisnotdis-
cussedthatwhetherthereisalimitationof巨ptﾆoassurethe
existenceoftheequilibriumornot.
(iii)Itwillbenecessarytoanalyzetheeffectsofelectricfield
drivingaplasmacurrentandrotationofplasmacolumnon
thecollisionaldiffusionintoroidalpinches.
(iv)InTokamaks,ahightemperatureplasmaenoughtoreducethe
growthratesoftheresistivetearinginstabilitymaybeobtained
inthefuture.Then,itisnecessarytoexaminethestability
againstcollision:Lesstearingmodes.
Nowletusconsidertheapplicationoftheresultsabove
mentioned.Theyareusefultotheanalysisofthepresentexperiments
intoroida:LpinchesandTokamaks.andalsoapplytodevelopcontrol
techniquestoavoiddangerousinstabilitiesinCTR(controlledtherino-
nuclearreactors).
(1)Themethodtoobtainequilibriumconfigurationdevelopedin
Chapter工工isavailabletoreproducetﾆheconfiguratﾆionin
experimentsoftoroidalpinchesorTokamaks.Thusthestability
diagramsobtainedinChapterl工orChaptervgivetheuseful
meanstocomparethetheoreticalpredictionswiththeexperi-
mentaldataintoroidalpinchesorTokamaks.
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Intﾆhecaseofunstableconfigurations,thegrowthratesofMHD
instabilitiesalsocanbecalculatedbythemethodinChapterIIor
Chapterv...
(ii)Aprogran皿ingofmagnetﾆicfieldsattﾆractsattentiontomaintain
astableconfigurationintoroidalpinchesforasufficiently
longtime.ThestabilitydiagramsgiveninChapterIImaybe
usedforintroductionofcontroltﾆechniquessuchasaprogram-
mingofmagneticfields.
(iii)Itispreferabletomaintainstableconfigurationsfromthe
ignitionofdischargetothestationarystateintoroidalpinches
orTokamaks.Althoughthecomputersimulationispowerfulto
studytheequilibrium,itisnotdevelopedenoughtotreatnm
instabilities.Thusthestabilitydiagramsmaybeusedtocheck
theresultsobtainedincomputersimulations.
(iv)Inthereversefieldpinchwithanearlyuniformcurrent,it
willbedifficulttoavoidtheresistivetearinginstability
forasufficientlylongtime.Thisisduetotheappearanceof
4∇p=ごOregionbytheresistivediffusionofmagneticfields.
Thus,itmaybenecessarytoheataplasmatoreducethegrowth
rateofthetearinginstability.Fromtheviev7Dointofthe
collisionaldiffusion,experimentsofthetoroidalpinchmaybe
encouraged｡
(v)InTokamaks,theoreticalvaluesofgrowthratesofMHDinsta-
bilitiesseemtobelargerthan‘thoseestimatedfromthe
experimentswhichaimt0loweraSaftyfactor.60)Theresults
abouttearingmodes･obtainedinChapterv:giveanotherpossibil-
itytoexplaintheexperimentsaboutthestability･
(vi)InTokamaks,theexperimentsto‘realizeqa~1withhighva:Lues
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●ofewillbecarriedoutinthefuture.Thetheoreticalresults
showninChapterIVassurestheequilibi:ium゛゛ithhigh5p°The
stabilitydiagramsagainstMHDinstabilitiesshowthattheun-
stableregionofqatothehighmmodeappears.Thereforethe
plasmacolumnisvulnerabletotﾆhem=2modeand/orthem=3
mode,whenqa゛1.Thehighmmodescanbestabilizedbycon-
centratingthecurrentdensityinthecentralregionofthe
plasmacolumn.ToavoidIIHDinstabilitieswithm=2andm=3,
tﾆheexperimentaltechniquetocontrolthecurrentprofileneeds
tﾆodevelop･
(vii)Itispossiblet:oimprovethestabilityagainstMFDinstabilities
bydistortingtheconductingshell0fTokamaks.17)'18)
Theformulationtoobtainhigh6pequilibriumcontainedinnon-
circularshellinChapter工vmaybeusedtoinvestigatethis
problem.
Fromtheviewpointofanalysis,weshallinsistthatthemethods
toexaminethestabilityagainstl･里Dandresistiveinstabilitiesin
ChaptersIIandvandthemetﾆhodtoobtainthe"high6pequilibi:i°1
inChapterIVaregenerallyapplicabletoaxisymmetrictoroidal
plasmasaimingCTR.
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